Introduction:
Inguinal lymphatic vessel leakage (LVL) is a severe complication due to injury of lymphatic vessels after surgery, lymph node biopsy, or blunt trauma. The occurrence of LVL will subsequently lead to lymphedema at inguinal region or extending in the lower extremities [1, 2] . The lymphangiography using traditional contrast-enhanced imaging modalities, such as X-ray, ultrasound, and single photon emission computed tomography (SPECT), has been utilized to assess inguinal LVL. However, the radiation exposure and invasive procedure in X-ray, lower spatial resolution and unavoidable inter-operator variability in ultrasound, and lower sensitivity and poor anatomical visualization in SPECT limit the clinical application of lymphangiography in diagnosis of LVL [3, 4] . Recently, magnetic resonance (MR) lymphangiography has been successfully used to image the lymphatic vessels in human subjects [5, 6] . In this study, we sought to characterize the inguinal LVL in patients with suspected lymphatic vessel injury using 3.0T MR scanner.
Methods: Sixteen patients (6 males; mean age, 34.5 ± 24.5 year old) with suspected injury of lymphatic vessels were recruited in this study. The approval of Institutional Review Board and written consent forms were obtained for all the subjects prior to the initiation of this study. All the patients underwent lymphangiography using a 3.0T MR scanner (Philips Medical Systems, Best, Netherlands) and a six-channel, phased-array, and sensitivity-encoding reception coil. MR imaging: The turbo spin echo T2w images were acquired crosssectionally and coronally in inguinal region prior to lymphangiography using the following parameters: TR/TE 3600/80 ms; field of view (FOV) 37 × 28 cm 2 ; acquisition matrix 348 × 208. For MR lymphangiography, a 3D THRIVE sequence (T1 High Resolution Isotropic Volume Excitation) was performed pre-and post-contrast agent injection using the following parameters: TR/TE 23/2.1 ms; Flip angle 30°; FOV 36 × 28 cm 2 ; and matrix size 720 × 560. MR contrast agent gadobenate dimeglumine (Gd-BOPTA, MultiHance, Bracco, Milan, Italy) mixed with 1% lidocaine (Gd-BOPTA:Lidocaine = 10:1) was injected subcutaneously into the interdigital webs of the dorsum of foot. Eight dynamic scans were performed on the lower leg section to monitor the enhancement of lymphatic vessels. One dynamic scan was conducted at the knee plane and five dynamic scans were performed in the inguinal region to evaluate the morphologic changes of the lymph vessels and the enhancement of contrast agent at the leakage site. Image processing: The 3D THRIVE images were reconstructed using maximum intensity projection (MIP) approach. Data analysis：MR lymphangiography images were interpreted by two experienced radiologists with consensus. The presence or absence of lymphedema, lymphocele, and lymphatic fistula was identified. The number of lymphatic vessels in both lower and upper legs was determined and their maximum diameters were measured. The number and diameter of the lymphatic vessels of the legs were compared bilaterally for all the subjects.
Results: Of 16 patients, 12 had lymphedema in the unilateral leg, 3 had lymphedema in both legs, and one had no leg lymphedema on T2W images. After contrast agent injection (mean delay time, 13 minutes), the enhanced lymphatic vessel was found in all the legs. All the lymphatic leakage sites can be determined based on MR lymphangiography images. The enhanced lymphatic vessels appeared as beaded patterns (Fig. 1) . The effusion of lymphoceles (Fig. 2) or lymphatic fistulas (Fig. 3) appeared as elliptical or irregular cystic masses with a highly dense inguinofemoral region on T2W images. Lymphocele was observed in 13 patients (81.2%), and lymphatic fistula was detected in 3 patients (18.8%) at the inguinal region. The number and maximum diameter of lymphatic vessels were detailed in Table 1 . The number and the maximum diameter of enhanced lymphatic vessels in legs with lymphatic leakage were significantly greater than that of legs without lymphatic leakage (all P < 0.001, Table 1 ).
Discussion and conclusions:
MR lymphangiography is a promising noninvasive approach to characterize the lymphatic vessel leakage in the inguinal region. When combined with the traditional MR sequence (T2w), MR lymphangiography enables accurately identifying the critical features of lymphatic vessel leakage, such as lymphedema, lymphocele, and lymphatic fistula. However, the procedure of injecting contrast agent into the interdigital webs of the dorsum of foot is a little complicated [7] . Therefore, developing a new MR contrast agent which is able to specifically enhance the lymphatic vessels and lymph nodes is the future direction [8] .
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[ Figure 1 . The lymphangiography image is from a 40-year-old female patient after surgery due to vascular malformation. The beaded collective dilated lymphatic vessels (arrows) and enhanced veins (arrow heads) in both lower legs were found. Figure 2 . The lymphangiography image is from a 58-year-old female patient after blunt trauma. The leaking lymphatic vessels (thick arrow) and a feeding vessel (thin arrow) with increased filling of the lymphocele (arrow head) can be observed. Figure 3 . The lymphangiography image is from a 55-year-old female patient after surgery. The lymphatic fistula (arrowhead) and slender disrupted lymphatic vessel (arrows) can be found. 
